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Abstract 

Diabetic retinopathy (DR), an ocular complication of diabetes mellitus, is the leading cause of permanent blindness in the United 

States for young adults. Due to biological and environmental factors, diabetes mellitus is well known to disproportionally affect 

people of color and those of lower socioeconomic status; however, the racial and socioeconomic disparities of DR are less 

researched. The purpose of this research is to elucidate any differences in DR presentation that arise across racial and 

socioeconomic lines and to determine if diabetic control can be a predicting factor for DR severity. For this study, a retrospective 

patient chart analysis was performed on 511 consecutive newly referred patients with diabetes at New England Retina 

Associates, a vitreo-retinal ophthalmology practice with four locations throughout Connecticut. Our analysis shows that, when 

compared to their White and Asian counterparts, Black/African American and Hispanic patients present with DR at younger 

ages, had the higher HbA1c, were uninsured at higher rates, and presented with severe forms of DR in higher rates when 

compared to their counterparts. Many of these patterns are mirrored in patients that are uninsured or on Medicaid, indicators of 

lower socioeconomic status. Additionally, regardless of race or socioeconomic status, patients with higher HbA1c tended to 

present with more severe forms of DR. These findings indicate that DR disproportionately affects racial minority populations and 

those in socioeconomically disadvantageous positions, but effective glycemic control and routine eye exam screening can 

improve the outcomes of these patients. It is important for medical providers to recognize the disparities in these vulnerable 

populations in order to facilitate the timely referrals and the proper care for their long-term ocular health. 
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1. Introduction 

Diabetes mellitus, colloquially just diabetes, is a collection of 

conditions which result in the body being unable to properly 

process sugar, leading to elevated glucose levels in the blood-

stream. Diabetes patients are classified as having one of two 

types: type I diabetes or type II diabetes. Type I diabetes is 

characterized by a deficiency of insulin caused by the destruc-

tion of insulin secretary pancreatic beta-cells, usually caused by 

an autoimmune process. Type I diabetes typically manifests 

during adolescence and can even affect children. Type II dia-

betes is characterized by insulin resistance and a defect of the 

aforementioned beta-cells. [1] As of 2019, an estimated 37.3 

million Americans, 11.3% of the population, had diabetes, with 

almost 1.9 million having the type 1 variant. 

In the United States, diabetes (both diagnosed and undi-

agnosed), is most prevalent in Black people (17.4%), fol-

lowed by Asian people (16.7), Hispanic people (15.5%), and 

lastly White people (13.6%). [1] This pattern is the result of 

the complex interactions between a number of both biological 

and environmental factors, such as differences in level of 

education, socioeconomic status, diet, and other behavioral 

factors. [2] Additionally, from 2001 to 2020, the prevalence of 

diabetes mellitus in US adults increased from 10.3% to 13.2%, 

indicating the disease and its associated diabetes complica-

tions increasing burden on society. [3] 

Diabetic retinopathy (DR) is a serious complication of dia-

betes, as well as a leading cause of blindness in working-age 

populations worldwide. Approximately 4.1 million American 

adults are estimated to have diabetic retinopathy, representing 

1.2% of the country’s population. A microvascular disease, DR 

is primarily caused by hyperglycemia’s effect on retinal blood 

vessels. Pericytes, structural cells that provide support to the 

capillaries in the retina, will undergo apoptosis due to diabetic 

damage. This loss of pericytes leads to vascular damage and the 

development of microaneurysm in capillary walls. Furthermore, 

loss of endothelial cells and thickening of the basement mem-

brane in blood vessels are observed. These events result in 

retinal ischemia, hypoxia, and increased production of vascular 

endothelial growth factor (VEGF). Importantly, this excess of 

VEGF will lead to formation of new pathologic blood vessels 

and vascular leakage in the damaged blood vessels. In addition 

to neovascularization, inflammation & damage to retinal neu-

ron play significant roles in the pathogenesis of and clinical 

manifestation of DR. [4] 

DR can be categorized into two major forms: nonprolifera-

tive and proliferative. Non-proliferative Diabetic Retinopathy 

(NPDR) can be identified by nerve-fiber layer infarcts, hem-

orrhages within the retina, hard exudates (leaking of fluid), and 

microvascular abnormalities. Macular edema is the predomi-

nant cause of visual loss in NPDR. NPDR is then further clas-

sified into mild, moderate, severe, and very severe. Prolifera-

tive Diabetic Retinopathy (PDR) is recognized by the devel-

opment of new blood vessels (neovascularization) within the 

retina. Consequences of neovascularization include hemor-

rhage and fibrosis, ultimately leading to tractional retinal de-

tachment, which are additional characteristics of PDR. The 

severity of PDR can be represented as early, high risk, and 

severe. [5] 

Generally, patients with DR experience no symptoms until 

more advanced stages. When symptoms do occur, they include 

blurred vision, floaters, fluctuating vision, dark or empty areas 

of vision, and ultimately vision loss. The rapid rate of progres-

sion necessitates regular screening of diabetic patients. 

The objective of this study is to analyze the effects of eth-

nicity and socioeconomic status on severity of DR upon initial 

presentation and referral for treatment by retina specialist. 

The secondary goal of our study is to determine whether 

additional factors such as poor diabetic control, presence of 

additional systemic diseases, and quantity of medications play 

a role in the patterns observed. 

2. Methods 

The study group consisted of 511 patients consecutively 

referred to New England Retina Associates (NERA), each 

with diabetes mellitus. NERA’s patient intake form was used 

to determine patient ethnicity, with five options being offered 

for self-identification: White, Black American, Hispanic, 

Asian, or Other. If a patient did not list an ethnicity, this was 

also recorded. A similar process was used to record patient 

insurance information, with participants being divided into 4 

groups: Medicare, Medicaid, Commercial, or None. 

For this study, our primary research outcome was the se-

verity of diabetic retinopathy in each eye upon initial 

presentation, as diagnosed by an ophthalmologist as either 

None, Mild, Moderate, Severe Nonproliferative or Prolifera-

tive. In our analysis, we define both Severe NPDR and PDR to 

be extreme forms of DR. Our secondary research outcomes 

were comprised of visual acuity (VA), home zip code, HbA1c 

level upon presentation, total number of chronic medications 

and number of diabetic medications. If a patient did not know 

or could not remember any of the above, this was also rec-

orded. Median household income data was obtained from 
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Connecticut Demographics by Cubit. 

3. Results 

3.1. Study Demographics 

511 newly referred patients were identified as having dia-

betes mellitus. No patients were excluded. Table 1 presents 

the study population broken down by ethnicity and also pre-

sents the average age, gender breakdown, and the insurance 

distribution for each ethnicity. 

Table 1 shows the demographic characteristics of the 511 

patients included in the study, sorted by ethnic group. Insur-

ance plan was recorded in 100% of patients. 

Table 1. Baseline characteristic of the study population. 

 

Whole Pop-

ulation 
White 

Black/African 

American 
Asian Hispanic Other Did Not List 

n=511 (100) n=224 (43.8) n=81 (15.9) n=22 (4.3) n=93 (18.2) n=12 (2.3) n=79 (15.5) 

Avg. Age 63.5 66.0 59.3 62.8 59.6 65.0 65.27 

Sex        

Male 235 (45.99) 108 (48.21) 34 (41.98) 12 (54.55) 45 (48.39) 2 (16.67) 34 (43.04) 

Female 276 (54.01) 116 (51.79) 47 (58.02) 10 (45.45 48 (51.61) 10 (83.33) 45 (56.96) 

Insurance        

Medicare 222 (43.4) 109 (48.7) 31 (38.3) 11 (50.0) 27 (29.0) 4 (33.3) 40 (50.0) 

Medicaid 62 (12.13) 13 (5.8) 12 (14.8) 2 (9.1) 21 (22.6) 1 (8.3) 13 (16.25) 

Commercial 199 (38.9) 97 (43.3) 34 (42.0) 9 (40.9) 33 (35.5) 6 (50.0) 20 (25.0) 

None 28 (5.5) 5 (2.2) 4 (4.9) 0 (0) 12 (12.9) 1 (8.3) 6 (7.5) 

 

3.2. Clinical Characteristics 

Table 2 presents the clinical characteristics of the study 

population sorted by ethnicity. The number of patients for 

each group that did not know (DNK) their HbA1c value is 

also indicated. Full medication list was obtained in 99.02% of 

patients, VA was obtained in 98.73% of eyes, and DR severity 

was diagnosed in 100% of eyes. Patients with missing in-

formation were excluded from the analyses of those meas-

urements. 

Table 2. Clinical characteristic of the study population. 

 

Whole Pop-

ulation 
White 

Black/African 

American 
Asian Hispanic Other Did Not List 

n=511 (100) n=224 (43.8) n=81 (15.9) n=22 (4.3) n=93 (18.2) n=12 (2.3) n=79 (15.5) 

Avg. HbA1c 7.68 7.39 8.00 6.59 8.11 7.78 8.11 

# DNK 177 (34.64) 61 (27.23) 27 (33.75) 11 (50) 42 (45.16) 1 (8.33) 33 (41.25) 

# of Meds 6.05 6.29 6.07 4.27 6.00 8.08 5.57 

# of DM Meds 1.83 1.81 1.69 1.76 2.07 2.42 1.71 

DR Severity        

None 235 (23.0%) 122 (27.2%) 24 (14.8%) 12 (27.3%) 47 (25.3%) 6 (25.0%) 24 (15.2%) 
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Whole Pop-

ulation 
White 

Black/African 

American 
Asian Hispanic Other Did Not List 

n=511 (100) n=224 (43.8) n=81 (15.9) n=22 (4.3) n=93 (18.2) n=12 (2.3) n=79 (15.5) 

Mild 236 (23.1%) 114 (25.4%) 21 (13.0%) 16 (36.4%) 34 (18.3%) 5 (20.8%) 46 (29.1%) 

Moderate 277 (27.1%) 138 (30.8%) 41 (25.3%) 11 (25.0%) 46 (24.7%) 8 (33.3%) 33 (20.9%) 

Severe NP 95 (9.3%) 25 (5.6%) 22 (13.6%) 2 (4.6%) 14 (7.5%) 4 (16.7%) 28 (17.7%) 

Proliferative 179 (17.5%) 49 (10.9%) 54 (33.3%) 3 (6.8%) 45 (24.2%) 1 (4.2%) 27 (17.1%) 

Avg. VA (log-

Mar) 
0.35 0.31 0.45 0.36 0.37 0.44 0.35 

 
Figure 1. Plot of DR Severity for each eye by the patient’s HbA1c. 0 represents no retinopathy, 1 represents mild, 2 represents moderate, 3 

represents severe, and 4 represents proliferative. 

Figure 1 shows the severity of DR upon presentation for each patient graphed against their HbA1c upon presentation. The 

linear regression is also shown. 

3.3. Zip Code Median Household Income and Insurance Analysis 

 
Figure 2. Average Median Household Income of Zip Code of Each Ethnic Group. 
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Figure 3. Average Median Household Income of Zip Code of Each Insurance Type. 

Figure 2 and Figure 3 present the average median household incomes of the zip codes of patients sorted by ethnic group and 

insurance type respectively. Zip code was obtained in 100% of patients. Median household incomes were obtained from Con-

necticut Demographics by Cubit. 

 
Figure 4. Plot of VA for each eye by the median household income of the patient’s zip code. 

Figure 4 shows the VA of each patient’s eyes added together and plotted against the median household income of that patient’s 

zip code. A linear regression line is also shown. It can be seen that as median household income increases, VA upon presentation 

tends to improve, indicating that patients in wealthier towns present with better vision. 
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Figure 5. Plot of DR Severity for each eye by the median household income of the patient’s zip code. 0 represents no retinopathy, 1 represents 

mild, 2 represents moderate, 3 represents severe, and 4 represents proliferative. 

Figure 5 shows the severity of diabetic retinopathy upon 

presentation plotted against the median household income of 

that patient’s zip code. A linear regression line is also shown. 

As median household income increases, severity of DR upon 

presentation also tends to improve 

Table 3 shows the patients in the study sorted by insurance 

type, and Table 4 shows the grading of DR of the patient 

population’s eyes, sorted by sex and insurance type. 

Table 3. Characteristics of patient population by insurance type. 

 

Whole Population Commercial Medicaid Medicare None 

n=511 (100) n=199 (38.9) n=62 (12.13) n=222 (43.4) n=28 (5.5) 

Avg. Age 63.5 57.85 55.98 71.5 56.82 

Sex      

Male 235 107 24 90 14 

Female 276 92 38 132 14 

Avg. HbA1C 7.68 7.95 7.64 7.30 8.48 

# DNK 177 (34.64) 57 (28.64) 28 (45.16) 82 (36.94) 11 (39.29) 

Avg. VA (logMar) 0.35 0.29 0.35 0.41 0.42 

DR Severity      

None 235 (22.0) 83 (20.85) 23 (18.55) 120 (27.03) 9 (16.07) 

Mild 236 (23.1) 84 (21.11) 23 (18.55) 126 (28.38) 3 (5.36) 

Moderate 277 (28.2) 116 (29.15) 31 (25.00) 108 (24.32) 22 (39.29) 

Severe NPDR 95 (9.3) 35 (8.79) 18 (14.52) 40 (9.01) 2 (3.57) 

PDR 179 (17.4) 80 (20.10) 29 (23.39) 50 (11.04) 20 (35.71) 

# of Meds 

# of DM Meds 
6.05 5.18 5.63 7.12 4.82 
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Table 4. DR grading of patient eyes upon presentation by sex and insurance type. 

 
Male + 

Comm. 

Female + 

Comm. 

Male + 

Medicaid 

Female + 

Medicaid 

Male + 

Medicare 

Female + 

Medicare 

Male + 

None 

Female+ 

None 

DR Severity         

None 37(17.29%) 46(25.00%) 7(14.58%) 16(21.05%) 52(28.89%) 68(25.76%) 7(25.00%) 2(7.14%) 

Mild 52(24.30%) 32(17.395) 6(12.50%) 17(22.37%) 56(31.11%) 70(26.52%) 1(3.57%) 2(7.14%) 

Moderate 57(26.64%) 59(32.07%) 14(29.17%) 17(22.37%) 41(22.78%) 67(25.38%) 8(28.57%) 14(50.00%) 

Severe 24(11.21%) 11(5.98%) 7(14.58%) 11(14.47%) 10(5.56%) 30(11.36%) 2(7.14%) 0(0.00%) 

Proliferative 44(20.56%) 36(19.57%) 14(29.17%) 15(19.74%) 21(11.67%) 29(10.98%) 10(35.71%) 10(35.71%) 

Total 214(100%) 184(100%) 48(100%) 76(100%) 180(100%) 264(100%) 28(100%) 28(100%) 

 

4. Discussion 

Already the leading cause of blindness in working age 

adults, with an increasing prevalence of diabetes, DR and its 

social and economic burden on society is expected to increase 

significantly in the future. Diabetes mellitus, the condition 

that causes it, is known to affect communities of color greater 

than it does white communities due to differences in education, 

level of understanding of the disease, socioeconomic status, 

access to fresh healthy food options and access to healthcare. 

In this study we analyzed the ethnic differences of diabetic 

retinopathy upon initial presentation to evaluate whether the 

differences between ethnicities translated into differences in 

the severity of diabetic retinopathy. Other metrics that were 

measured and compared were type of insurance, VA, HbA1c, 

and patient demographics. 

Table 1 presents the demographics of the study population, 

sorted by ethnicity. It should be noted that Black and Hispanic 

patients had lower average ages upon initial presentation 

(59.3 and 59.6 respectively) when compared to White patients 

(66.0) and Asian patients (62.8), indicating an earlier onset 

and more rapid progression of disease. This corresponds with 

Black and Hispanic patients tending to develop diabetes at 

younger ages than White and Asian patients. Table 1 also 

shows that Hispanic and Black/African American patients 

relied upon Medicaid at higher rates when compared to their 

Asian and White counterparts, and Hispanic patients had 

substantially higher uninsured rates than the rest of the study 

population. These findings indicate key differences in access 

to proper insurance across race lines, and thus, access to 

proper healthcare. 

Table 2 presents the clinical data of the study population 

sorted by ethnicity. Hispanic and Black/African American 

patients had noticeably higher average HbA1c levels (8.11 

and 8.00 respectively) than their White (7.39) and Asian (6.59) 

counterparts, indicating worse glycemic control. This is 

compounded by the fact that on average, Hispanic patients 

used more than two diabetes medications, the only ethnic 

group to do so. This may also reflect that Hispanic patients 

have more recalcitrant disease in additional poor compliance 

or disease awareness. Asian patients, however, had the highest 

rates of not knowing their HbA1c, and White patients had the 

second highest average use of diabetes medications. Table 2 

also demonstrates that Black/African American patients and 

Hispanic patients present at much higher rates with extreme 

forms of DR with severe NPDR and PDR (46.9% and 31.7% 

respectively) when compared to their White and Asian coun-

terparts (16.5% and 11.4% respectively). In addition to this, 

Black/African American patients presented with no DR at the 

lowest rate (14.8%), substantially lower when compared to 

the other ethnic groups (27.2%, 27.3%, and 25.8%). This is 

further reflected in the finding that Black/African American 

patients tended to present with the worst visual acuity com-

pared with the other ethnic groups, indicated by having the 

highest average logMar value (0.45). Hispanic patients and 

Asian patients had similar average VAs (0.37 and 0.36, re-

spectively), while White patients had the lowest logMar value 

(0.31). Across the metrics of HbA1c level, number of medi-

cations, severity of DR and VA, it can be seen that a noticeable 

healthcare disparity arises, with Hispanic and Black/African 

American patients suffering the most. 

Figure 1 graphs the severity of DR in each eye against the 

HbA1c of that patient. The linear regression shows that there 

tends to be a correlation between an increase of a patient's 

HbA1c and that patient developing worse forms of DR, re-

gardless of race. This corresponds with the findings of Table 2 

in which groups with higher HbA1c tend to develop more 

severe cases of DR. 

Figures 2 and 3 present the average median household in-

comes of the zip codes of patients sorted by ethnic group and 

insurance type respectively. These figures show that there are 

substantial differences in socioeconomic status that arise 

when the patients are sorted by ethnicity and zip code. His-

panic and Black/African American patients tend to live in 

communities with lower median household incomes when 

compared to their White and Asian counterparts. Additionally, 
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patients with a commercial insurance plan or on Medicare 

tend to come from wealthier communities than those on 

Medicaid or with no insurance plan. These findings indicate 

severe differences in ability to afford a healthy diet, exercise 

and access to healthcare. 

Figure 4 graphs patient’s VA against the median household 

income of their zip code. The linear regression shows that as 

median household income increases, the VA upon presenta-

tion also tends to improve, highlighting how the differences 

outlined in Figure 2 and Figure 3 can manifest in real clinical 

disparities. This is further reinforced by Figure 5, which 

shows each eye’s DR upon presentation graphed against the 

patient’s median household income. It can be seen that as the 

median household income increases, the severity of DR de-

creases, indicating that patients in wealthier towns on initial 

presentation have milder forms of the disease or are referred 

to an ophthalmologist at an earlier stage of the disease. 

Table 3 presents the clinical and demographic information 

of the study population sorted by insurance type. Of the in-

surance groups, it can be seen that eyes of patients without 

medical insurance present with an extreme form of DR at the 

highest rate (39.28%), followed by those using Medicaid 

(37.91%), those on a Commercial insurance plan (28.89%) 

and Medicare patient eyes (20.05%). Additionally, the eyes of 

Medicare and Commercial insurance patients presented with 

no DR at higher rates (27.03% and 20.85% respectively) 

when compared to eyes of Medicaid patients and patients with 

no insurance plan (18.55% and 16.07% respectively). Along 

with Figure 3, these findings suggest the patients of lowest 

socioeconomic status also present with the most severe DR. 

This claim is supported by Figure 5, which displays that as 

median household income increases the initial presentation of 

DR tends to become less severe. While recorded patients on 

Medicaid did tend to have slightly lower HbA1c values than 

their counterparts on a Commercial plan (7.64 vs 7.95), a 

much higher percentage of Medicaid patients did not know 

their HbA1c levels when compared to patients on a Com-

mercial plan (45.16% vs 28.64%), indicating worse glycemic 

control. Additionally, patients that lacked an insurance plan 

had the highest HbA1c values and greater-than-average rates 

of not knowing their HbA1c, suggesting poor glycemic con-

trol amongst that patient group. 

Table 3 also suggests that populations of lower socioeco-

nomic class tend to present in worse overall ocular health; 

patients with Medicare and patients with no insurance pre-

sented with the worst VA, as indicated with their high values 

on the logMar scale (0.41 and 0.42, respectively). The Med-

icare population’s level of visual acuity can be attributed to 

additional factors such as cataracts, glaucoma and macular 

degeneration. Their Commercial and Medicaid counterparts, 

on the other hand, presented with markedly better VA (logMar 

= 0.29 and logMar = 0.35, respectively). 

Table 4 presents the grading of DR in patient’s eyes upon 

presentation sorted by both sex and insurance type. The data 

shows that for patients who are most vulnerable, i.e. Medicaid 

patients and patients with no insurance, male patients present 

with an extreme form of DR at a higher rate than their female 

counterparts. In Medicaid patients, male patients present with 

severe nonproliferative DR or proliferative DR 43.75% of the 

time compared to the 34.21% found in female patients. Sim-

ilarly, male patients with no insurance present with extreme 

forms of DR 42.85%, noticeably greater than female patients 

with no insurance, who present with those forms 35.71% of 

the time. Males on commercial plans also perform worse than 

females on commercial plans (31.77% vs. 25.55%), but fe-

males on Medicare do present with severe forms of DR more 

frequently than males on Medicare (22.34% vs. 17.23%). 

These numbers indicate that male patients tend to present with 

worse forms of DR than their female counterpart, a fact ex-

acerbated if the patients are less financially well off, except 

for the population of patients on Medicare, likely due to fe-

males having a higher life expectancy than males. 

The findings above indicate that there are substantial health 

disparities that arise across both racial and socioeconomic 

lines. Black/African American and Hispanic patients tend to 

present with worse glycemic control, which contribute to 

them also presenting with more severe forms of DR in higher 

rates. Our findings align with modern data suggesting that 

Black/African American and Hispanic patients tend to come 

from poorer communities, shown by our analysis of zip code 

median household income and by their high rates of using 

Medicaid plans and being uninsured. Analyzing patients in-

dependent of race, patients without an insurance plan and 

patients utilizing a Medicaid plan tend to present with more 

severe cases of DR compared to their counterparts with 

Commercial insurance plans. 

5. Conclusion 

Diabetes mellitus is a collection of diseases, all of which 

result in an inability to process glucose. It has numerous ad-

verse effects on health, including the risk of developing a 

number of secondary complications, one of them being dia-

betic retinopathy. DR is a microvascular disease that mani-

fests as retinal hemorrhages and edema and is one of the 

primary causes of permanent vision loss. This study demon-

strates that patients of certain marginalized groups, such as 

poorer patients, Black patients, and Hispanic patients, tend to 

develop more severe forms of DR, and develop them at a 

younger age, resulting in worse visual outcomes. These dis-

parities are due in part to worse control of their diabetes, 

which we observed as greater HbA1C and blood sugar values. 

[6] These patients comprise the most vulnerable communities 

of our population, being unable to afford medications, proper 

and healthy diet, and access to healthcare. [7, 8] Compound-

ing this fact, there are less clinical trials for diabetes medica-

tions that involve Black and Hispanic participants, which 

could result in variations in efficacy leading to disease states 

in different ethnic population. [9] 

The solution to this complex problem will require a mul-
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ti-disciplinary approach. For healthcare providers, increased 

collaboration between primary care providers and endocri-

nologists with optometrists and ophthalmologists is necessary 

to ensure members of these high-risk populations are regu-

larly screened. These patients are at the highest risk for lack-

ing available access to healthcare and having more aggressive 

diseases due to poor glucose control. The disease can be 

managed more effectively with timely diagnosis of DR at the 

earliest stages with routine health checkups and screenings. 

[10] Additionally, patient education regarding diabetes and its 

potential impact on the body is crucial to any long-term care 

of the patient. The educational component should incorporate 

nutrition with focus on various ethnic communities and po-

tential healthy alternatives. [11] In these communities where 

obesity is also a growing issue that further compounds dia-

betes and DR, the nutritional education can help patient also 

develop better food choices as well as portion control. Finally, 

work should be done to make healthcare services more easily 

accessible to these vulnerable populations. Addressing lan-

guage barriers, cultural barriers regarding the healthcare sys-

tem, and access to transportation can all impact patients being 

compliant with medications or medical appointment, and even 

routine DR screening. [12, 13] 

Overall, this research shows that there are significant 

healthcare gaps and disparities in patients with diabetes on 

their initial presentation to a retina specialist for treatment for 

DR. The impact of these disparities can lead to significant 

long-term morbidities in the at-risk population necessitating 

greater medical treatment, overall healthcare cost to the indi-

vidual and society as a whole. Many of these individuals are 

of working age, and DR will lead to lost productivity and 

increase risk of visual disability, a further burden on the fam-

ily and society. [14] This loss of vision will also likely affect 

livelihood, worsening mental health issues in populations that 

are already disproportionally affected by mental illness. [15] 

Recognizing these differences will be crucial for the medical 

communities, society and patients themselves develop the 

system to alleviate these disparities, improve patient outcome 

and quality of life. 
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